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NOTICE
This document c o n t o i n s i n f o r m a t i o n o f a p r e l i m i n a r y n a t u r e and w o s prepared p r i m a r i l y for i n t e r n o l use. It i s subrect t o r e v i s i o n or c o r r e c t i o n and, therefore, d o e s not represent a f i n a l report. Q u o t a t i o n s f r o m or r e f e r e n c e s to this report m u s t n o t be made i~ ope7 ! ' t e r a t u r e w i t h o u t w r i t t e n permission from the indj. Work on zonal centrifuge s y s t e m s designed to s e p a r a t e particles ranging in s i z e from whole c e l l s t o small molecules h a s progressed with the development of several new rotor s y s t e m s . The B-IV rotor h a s been shown t o effectively s e p a r a t e quantities of macroglobulin from rat and other animal sera, thereby extending the usefulness of this instrument down to 20s. By application of the two-dimensional S-p separation s y s tern previously described, a c l e a r spectrum of rat liver glycogen particles h a s been obtained, and t h e molecular structure revealed by negative s t a i n i n g is under investigation. Virus-like particles have been recovered from a human breast tumor with t h e s a m e technique.
Further studies on centrifugal fast freezing show that a high percentage of yeast c e l l s survive freezing, but that t h e lethal damage i s done during warming, which must b e done rapidly if a high survival rate i s to b e obtained. Theoretical studies on the particle capacity of gradients in zonal centrifuges are being carried t o t h e point that experimental s t u d i e s may b e designed to examine anomalous sedimentation behavior and band spreading. The low-speed A-IX rotor h a s been redesigned and strengthened and is now designated A-XII.
Scanning s y s t e m s t h a t would make this rotor a n analytical centrifuge have been completed. Continuous-flow rotors in which the sedimenting particles are banded in a gradient during the continuous-flow process (rotor B-VIII) have been built and successfully tested.
A completely enclosed virus separation facility h a s been designed for large-scale virus separation. In addition to centrifuges, new countercurrent systems for liquid-liquid extractions and the flame ionization detector for nonvolatile s a m p l e s are under development. A prototype automated system for carbohydrate analysis h a s been completed and tested with a variety of s u g a r c o n t a i ning samples. K i t h an experimental high-pressure capillary column nucleotide analyzer, it h a s been As detailed results appear in the open literature, t h e necessity for e x t e n s i v e reports for limited distribution i s minimized. Future reports in this s e r i e s will, therefore, b e in summary form.
Since the problem of bringing zonal centrifuges i n t o general u s e h a s been at l e a s t partially solved, the direction of future e f f o r t s must now b e considered. If the p a s t history of biophysical tools i s indicative of t h e future history of new ones, then we should aim a t o n c e for simp!ification of components and operating technique. With this in mind, the B-X and B-XI rotors described i n this report have been developed. T h e s e eliminate t h e high-speed upper bearing, and s r i l l allow operation at s p e e d s sufficiently high to separate ribosomal s u b u n i t s . hork on t h e development of other rotors designed for s p e c i f i c purposes will continue, together with s t u d i e s on t h e conrainment of both centrifuges and ancillary virological res e a r c h systems. For the present, t h e chief biological problem i s t h e identification of t h e m a n y fractions which can now b e isolated. This work will progress slowly, a s collaborative studies with interested investigators are arranged.
As i s indicated by the contents of this and previous reports, several techniques in addition to those concerned with centrifugation are being explored.
T h e s e include: t h e wire-fed flame ionization analyzer, t h e carbohydrate analyzer, the high-pressure nucleotide analyzer, digital chromatographic data reduction, countercurrent d i s t n b u t i o n , u l t r , i t J ? t i r t ' c z i i~. a'id nE'K method? for achleb Ing electrophore*:c s e p a r a t l o n s . U'hile t h e s e involve interextlng dqd i a l u a b l e new separation and analytical systems, it may b e a s k e d how t h e s e relate to t h e problem of cancer in man.
As previously reported, methods for i s o l a t i n g and identifying virus-like particles in plasma and i n t i s s u e b r e i s have been developed and shown t o b e effective. T h e problem of demonstrating that t h e s e particles a r e both infectious and oncogenic i s outside the present scope of t h i s program. T h e isolation of viral antigens which have been shown t o b e present in many animal tumors, often in a nonparticulate form, offers an additional c h a l l e n g e to sep,jr,ttii,n methods. I f some human neoplasms are ill!imatel> shown to b e the end result of virus infection, then the problem of preparing suitable vaccines m u s t be considered. Live-virus vaccines w i l l be extremely difficult t o develop and, indeed, may not b e considered i n view of the difficulty of demonstrating that human oncogenicity h a s been eliminated.
Killed virus preparations may suffer from the same hazard. T h e possibility of isolating the effective antigens from virus-infected c e l l s in a high s t a t e of purity must, therefore, b e given close attention. T h i s will involve better protein fractionation methods, together with improved analytical s y s t e m s for the subunits of which the antigens may be composed. were distinguished. To explore the lower limits of t h e separations which might b e achieved with t h i s system, t h e possibility of isolating plasma macroglobulins h a s been examined.
Of the various gamma globulins of plasma poss e s s i n g antigenic activity, the so-called 7 s gamma globulins have been extensively studied with respect t o structure and biological activity; the 19s gamma globulins are more difficult to i s o l a t e i n quantitk and have been less extensively studied. ' Since good analytical separations of 1 9 s antibodies have been obtained i n sucrose density gradients with swinging bucket rotors, a n attempt w a s made to isolate rat macroglobulin in the B-IV zonal centrifuge described by Anderson and cow o r k e r~.~ T h i s paper reports the isolation and physicochemical properties of a n apparently homogeneous rat macroglobulin.
Preparation of Serum and Zonal Centrifugation
A globulin fraction from pooled rat serum w a s obtained by two precipitations with 40% ammonium T h e separation of rat macroglobulin by the B-IV rotor i s shown i n Fig. 11-A-1 . T h e star::ng sample represents 60 m l of rat plasma: the yield was 250 mg of macroglobulin. After conce2:ration by pressure dialysis the leading peak was ultracentrifugally and immunoelectrophoretically homogeneous (Figs. 11-A-2 and 11-A-3) . The physicalchemical properties of the material are listed in methods, zonal centrifugation should b e a u s e f u l tool i n studying the immunological relationship of the various antibodies i n plasma, e s p e c i a l l y the 20s antibodies, which by previous methods are the more difficult to isolate. T h e isolation of other macroglobulins (chicken, mouse, and f i s h ) by zonal centrifugation i s in progress.
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W. u'. H a r r i s
A . A . Barber
T h e subcellular components of t i s s u e s may b e separated to give a two-dimensional pattern by using rate zonal centrifugation followed by isopycnic zonal centrifugation a s previously described. ' Experimentally, a number of bands a r e observed with both normal and malignant t i s s u e s , which must now b e characterized in much greater detail. In t h i s study we a r e interested in the band tentatively identified a s glycogen i n orienting experiments. In previous s t u d i e s it h a s been shown that homogeneous virus particles sedimented a s narrow, discrete zones in t h e presence of the components of a tissue brei, suggesting that t h e wide zones observed with microsomes, for example, are actually due to particle polydispersity. Glycogen is an excellent material for examining this point, s i n c e the available evidence s u g g e s t s that i t e x i s t s in t i s s u e s in a wide range of s i z e s , and, in addition, it h a s not been observed t o behave as an osmometer.
While glycogen is the major energy and carbohydrate reserve of many human t i s s u e s , a number of problems concerning both i t s structure and mechanism of synthesis remain to b e solved. Electron micrographs of g1:;cogen in t i s s u e s e c t i o n s bear out Lazarow's conclusions. 1 6 --? ' The native structure of glycogen cannot be satisfactorily determined from s e c t i o n s , however, and it h a s not been possible to d e t e r m i n e whether glycogen e x i s t s a s a beaded chain structure, a s a rosette, or a s a tight cluster of subunits. Electron microscopy of t h e isolated particles using negative staining i s therefore desirable to elucidate t h e tertiary structure of native glycogen.
Preparation of R a t Liver Breis
Sprague-Dawley rats w e r e stunned and exsanguinated. and the liver f r o m each w a s rapidly rexoved and weighed i n a tared beaker of cold 8"-sucrose. T h e volume w a s adjusted to give a 1 K <w v ) brei, and the liver was homogenized in a cold coaxial hand homogenizer. After being strained through cheesecloth, 20 m l of the coId bre: w a s intioduced into a B-I\.' zona! centrifuge rotor operating a t 5'C and a t a speed of 3000 rpm. A 200-ml overlay of pH 7.5, 1.1 = 0.1 Miller-Colder buffer w a s used to move the sample layer free of the core. The rotor a'as ther. accelerated to 20,000 rp-for 15 m i n . Afrer deceleration to 5000 rpm. the rotor was unloaded a s previously described.' The ultraviolet absorbance diagram and the computer s' plot are shown in Fig. 11-B-1 . 
BIOI. 13, 468-73 (1962).
The fractions between the sta:::ng layer and t h e mitochondrial layer w e r e then bb:.ded, using C s C l in No. 30 rotor t u b e s . A b a n l a t a density o l approximately 1.62 was obser: e1 extending f r o m t u b e 7 past t u b e 31. Material recovered from t h e s e bands w a s examined in the electron microscope, with phosphotungstate being used as a n e g a t i v e stain. T h e results are shown in Fig. 11-B-2 
W. W. Harris
During t h i s report period t h e u s e f u l n e s s of t h e S-p method for the isolation of virus-like particles from human tumors h a s been examined by u s i n g a f e w tissue samples. Four human leukemic s p l e e n s and two breast tumors have been studied. The results demonstrate that (1) virus-like particles can be found in human c a n c e r t i s s u e , ( 7 ) comparable studies on normal t i s s u e must b e performed, and ( 3 ) a thorough a n a l y s i s of all the bands isolated is desirable to provide reference points. An example of the latter i s the work on the glycogen band presented in the previous section.
The most promising r e s u l t s were obtained with a 49-g primary human b r e a s t tumor frozen imrnediately after surgical removal and kept a t -6OOC until ready for use. I I I citrate. The larger t i s s u e fragments were removed by slow-speed centrifugation. after which particles ranging i n s i z e from mitochondria to small v i r u s e s were sedimented in the Spinco No. 30 angle-head rotor for 30 min a t 24,000 rpm. T h e p e l l e t s were resuspended t o a final volume of 28 m l and used as the s t a r t i n g sample in the B-IV zonal ultracentrifuge. T h e centrifuge w a s run until Tu2 dr = 1236 x 10'. T h e recovered zonal centrifuge fractions were layered over 9 g of dry C s C l in No. 30 rotor tubes and centrifuged overnight a t 24,000
rpm. T h e run diagram and computer plot a r e shown i n Fig. 11 -C-1. Under t h e s e conditions the virus-like particles would not b e spread through more than a few tubes. C u t s 4-9 were examined in the electron microscope. T h e particles shown i n Fig. 11 -C-2 were banded from c u t 4, whose position is indicated in T h e similarity between t h e s e particles and t h e particles which are a s s o c i a t e d with mammarl. tumors i n mice i s of more than passing interest.
With t h e s e and subsequent studies, techniques for examining tumors for virus particles have advanced to t h e point where a continuing search program may b e considered.
D. EFFECT OF THE WARMING RATE ON THE SURVIVAL OF YEAST CELLS FROZEN CENTRIFUGALLY
J . G. Green
P e t e r Mazur
T h e survival of y e a s t c e l l s frozen a t cooling r a t e s of 1°C/min or above appears to depend largely on whether o r not i c e forms within t h e c e l l s .
Low cooling r a t e s (~l o , ' m i n ) favor high survivals b e c a u s e they c a u s e t h e c e l l s to dehydrate and, as a consequence, prevent intracellular crystallization. With higher cooling rates (>5O0!min), t h e c e l l s do not have sufficient t i m e to dehydrate, and so they freeze internally. 2 2 -2 4
H o w e i er, anvther phenomenon appears i n rapidly cooled cells: their s u m i v a l becomes dependent on the rate of warming and thawing, with rapid warming yielding the higher s u n i v a l s . " Crystal s i z e is known to d e c r e a s e with increasing cooling velocities, and it h a s been hypothesized" that rapid cooling produces smaller crystals within y e a s t c e l l s and that t h e s e small crystals, b e c a u s e of their higher surface free energy, grow to damagi n g s i z e during slow warming but not during rapid warming.
The technique of centrifugal freezing described previously' 5 s 2 provides a means of t e s t i n g t h i s hypothesis, s l n c e it permits reproducible, extremely rapid freezing of c e l l suspensions. Therefore, i t h a s been applied to determine t h e e f f e c t s of v a n e d warming rates on the subsequent survival of rapidly frozen unicellular y e a s t (Saccharomyces cerevisiae).
T h e y e a s t w a s cultured in liquid m e d i a , 2 2 isolated by centrifugation, washed three times with s t e r i l e distilled water, and resuspended in sterile water t o a final concentration of about .2 10' cells/ml.
In previous experimentation, t h e c e l l suspension w a s injected from a hypodermic needle into the spinning rotor containing liquid nitrogen; however, in the present study, 4 ml of the cell suspension w a s introduced into the rotor as a n aerosol from a g l a s s atomizer designed to give rinimal evaporation of water from the cells during delivery and to produce small droplets.
T h e freezing of t h e suspended c e l l s was conducted in a rotor spinning a t 3600 rpm in an International PR-2 centrifuge, s i n c e earlier unreported studies yielded b e s t cell survival from this treatment. The frozen suspension, still i n liquid nitrogen, w a s transferred to a chilled, insulated cup to expedite transfer to the containers u s e d i n warming.
Two s e r i e s of warming experiments were performed. I n the first series. the frozen c e l l s in a small amount of liquid nitrogen were poured into a beaker containing 1 liter of 0.08 M potassium phosphate plating diluent a t temperatures of 5 , 15, 25, 35, 45, and 55'C. To facilitate dispersion of t h e suspension during warming, the solution w a s stirred by a propeller agitator a t a s p e e d which c a u s e d sporadic vortex breakup. 
